Introduction: Across health care, facility design has been shown to significantly affect quality of care; however, in maternity care, the mechanisms of how facility design affects provision of care are understudied. We aim to identify and illustrate key mechanisms that may explain how facility design helps or hinders clinicians in providing childbirth care.
INTRODUCTION
Across the United States, childbirth outcomes vary dramatically at the facility level, including a more than 4-fold variation in infection rates, 6-fold variation in postpartum hemorrhage rates, and 10-fold variation in cesarean birth rates.
1,2 This facility-level variation remains, and for some measures actually increases, after accounting for individual risks and preferences for care. 3, 4 Reducing unexplained variation in childbirth quality measures has become a public health priority among health care providers, policy makers, and other stakeholders in maternal health. Cesarean birth rates in particular are a current focus of many quality improvement efforts. 5, 6 Cesarean birth rates have risen 500% in the past generation of women, leading to substantial avoidable morbidity and costs relative to vaginal births. [7] [8] [9] [10] Variation in childbirth outcomes may be driven by upstream variation in structures and processes of care. 11, 12 For example, emerging research suggests that the processes of managing labor and delivery units, including unit culture, patient flow, and nurse staffing, may be independently associated with a woman's risk of cesarean birth, postpartum hemorrhage, and prolonged length of stay. 13 Across health care more broadly, hospital design has also been shown to affect care, including patient outcomes, patient satisfaction, clinician satisfaction, and clinician effectiveness. [14] [15] [16] [17] [18] Among childbirth facilities, prior research has focused on the effect of the design of labor rooms on women's outcomes and experiences. However, there remains a gap in knowledge about the effect of the unit-or facility-level design structures on the ways care is provided. [19] [20] [21] [22] As a result, there is limited understanding of how facility-level variation in the facility design structures may influence childbirth care provision. 23, 24 We conducted an exploratory study to identify key themes about the mechanisms through which facility design may influence the processes of childbirth care and to provide the basis for future investigation into the effect of design on care.
METHODS

Study Design
In prior work, we reviewed the literature on health care design to identify evidence-based design elements that may affect the ways care is provided and measured variation in these elements among a sample of childbirth facilities across the United States. 25 In this study, we conducted a secondary analysis to illustrate the mechanisms by which these elements that vary across childbirth facilities in the United States may affect the ways they provide care. We engaged an expert advisory board in a modified Delphi process to rank design elements and propose mechanisms. We then conducted semistructured interviews with managers at diverse childbirth facilities to illustrate how these mechanisms manifest across contexts.
Advisory Board and Facility Selection
We convened an advisory board that included experts in childbirth, evidence-based design, and the intersection of the ✦ Facility design may be an upstream factor that affects variation in childbirth outcomes among facilities across the United
States, but the relationship between facility design and provision of childbirth care is understudied.
✦ The design of childbirth facilities may help or hinder clinicians' ability to provide care in at least 3 key ways: 1) providing flexibility and adaptability, 2) creating physical and cognitive anchoring of default work or thinking patterns, and 3) enabling sharing of knowledge and workload.
✦ Clinicians and unit managers should assess whether the design of their facility aligns with their targeted model of care and culture and consider how to use renovations to improve the functionality of their spaces.
2 disciplines. We identified experts based on their publications, their practical experience, and recommendations from other experts. The study team prioritized selecting advisors with expertise across multiple disciplines and experience as both leaders and frontline practitioners of clinical care, facility management, and/or design. Selected expert advisors were invited to participate by the study team leaders via email, and all advisors signed participation agreements.
To select facilities, we solicited descriptions of facility characteristics and design features through an online requestfor-participation broadly disseminated between December 2015 and January 2016 through social media, emails, and telephone calls to facilities that previously collaborated with the study team. We reviewed the 118 potential facilities to identify a combination of facilities that would maximize the diversity of care settings studied with regard to geographic location across the United States, birth volume, practice model, and treatment intensity, as measured by primary cesarean birth rates. All enrolled facilities signed participation agreements consenting to participation requirements and privacy protections for the facilities and individual interviewees.
Analysis
Using a modified Delphi consensus process, we asked the advisory board to rate the previously identified facility design elements on potential influence on clinical decision making. Design elements included those related to facility capacity (eg, facility size), workflows (eg, average distance between workstations and labor rooms), and organizational culture (eg, accessibility of labor support equipment) ( Table 1 ). Our expert advisors rated these elements before and after a facilitated discussion using a 3-point Likert scale of low, medium, and high effect. As part of the facilitated discussion, the experts also shared their hypotheses about the mechanisms through which design could affect care and discussed their reactions to the hypotheses of other board members based on their experiences with working in, managing, and designing childbirth facilities. All Delphi survey responses were captured through Google Forms, and all expert consultation meeting discussions were captured through verbatim notetaking.
After the meeting, the study team reviewed the Delphi survey responses and identified the highest yield design elements for further study based on a combination of the premeeting and postmeeting ratings for each element. The study team also reviewed the free text from the surveys and the meeting notes to identify overarching themes about the mechanisms through which these prioritized design elements could affect the processes and outcomes of childbirth care. The final design elements, meeting synthesis, and key themes identified were shared with the advisory board for further feedback and comments.
The study team developed a semistructured interview guide targeted at clinical and facilities managers to further investigate how design helps or hinders processes of care, including exploring the themes generated by the advisory board. We conducted interviews in person at 6 facilities during site visits between May and July 2016 and telephone interviews with the remaining 6 facilities between August and October 2016. All in-person and telephone interviews were recorded through team notes, photographs, and audio recordings. The audio recordings were transcribed verbatim for analysis and for quotes from clinicians and managers about their unit designs.
The qualitative data from the site visits and phone interviews were reviewed by members of the study team to explore the themes synthesized from the advisory board discussion and generate more granular descriptions of these themes and their effect in practice across diverse facilities. All quotes are reported verbatim except where indicated by square brackets. The Harvard Human Resource Protection Program's Institutional Review Board reviewed and approved the study protocol.
RESULTS
Advisor and Facility Characteristics
Among the 13 expert advisory board members, 8 had clinical backgrounds, including nursing, midwifery, obstetrics, and other health care specialties; 5 had experience in management, including clinical and facilities management at different levels from the unit level to system level; 3 had experience in patient advocacy, including consumer advocacy and doula care; and 3 had expertise in evidence-based facility design. Advisors also had methodology and content expertise in operations management, systems engineering, health services research, implementation, and disparities research and advocacy.
The 12 facilities studied included 9 hospital-based labor and delivery units and 3 freestanding birth centers. The birth volumes ranged from 500 to 9100 per year among the labor and delivery units and 176 to 300 per year among the birth centers. Their practice models and health care provider Collaborative spaces (total staff area/total collaborative staff area)
Other Nature and natural light in workspaces mix also varied across facilities, ranging from midwifery-led freestanding birth centers to community hospitals with family practice physicians and obstetricians to academic medical centers with residency programs. The facilities were geographically diverse across the contiguous United States with 2 located in the Northeast, 3 in the South, 3 in the Midwest, and 4 in the West (Table 2) .
Design Themes
We identified 3 key themes related to how design affects clinical care in labor and delivery units: 1) flexibility and adaptability; 2) physical and cognitive anchoring; and 3) sharing knowledge and workload.
Flexibility and Adaptability
The first hypothesis that emerged from the expert consultation process was that the design of childbirth facilities can enable or hinder the flexibility and adaptability of spaces to accommodate surges in census or acuity. One advisor noted that it is "wise and prudent to put contingency plans into design," and another agreed that intentionally designed overflow space "gives clinicians and others more room to plan appropriately rather than be reactive." Childbirth facilities can experience high variability both hourly and daily, secondary to uneven distributions of scheduled cases and natural fluctuations in the arrival of women in spontaneous labor. A nurse-midwife at a Southeastern birth center explained, "That's why it's important for the space to be flexible." Most childbirth facilities cannot afford to build sufficient labor rooms to accommodate their peak volumes, so they experience surges in census that exceed their number of labor rooms. In the absence of flexible spaces that can create supplemental capacity for care, these surges could create pressures on clinicians to intervene and accelerate the throughput of women through the labor and delivery unit. The types of beds used as overflow spaces included designated overflow beds, antepartum beds, triage beds, postanesthesia care unit beds, and operating rooms (ORs). Depending on the equipment available in the rooms and the adaptability of the beds, some overflow spaces could be used for the full range of childbirth care, whereas others could only be used for observations, early labor, or starting labor inductions. For example, one small, Midwestern urban academic medical center reported,
We have some [triage] rooms we can utilize for observation, but they technically are too small to deliver in so, if the baby is precipitously delivering we'll bring them in [an OR] quickly. It also gives the NICU [neonatal intensive care unit] more space to resuscitate a baby. We've had a couple of 24-week precipitous deliveries in those rooms and it's a disaster because the NICU can't adequately get their equipment in those rooms.
Physical and Cognitive Anchoring
The second hypothesis that emerged from the expert consultation process was that the design of spaces can physically or cognitively anchor clinicians in set processes or patterns of care. These anchors could cause clinicians to unintentionally alter their care patterns in ways influenced by the design of their facility rather than characteristics of the women for whom they are caring. Physical anchors include designs that affect clinicians' provision of care by influencing the physical locations where they carry out particular activities or the workflows they follow. For example, in one large, Western community hospital, the nurse manager reported, "The culture is so ingrained to be in a pod, that no one wants to leave the pod." Nurses spend less time in centralized spaces or other staff areas because the physical design of their unit anchors them to spend time in the pod where they are providing immediate care.
Cognitive anchors include designs that affect clinicians' provision of care by influencing their perceptions of and expectations about care. For example, the prominence of central monitoring or centralized information on a labor board can anchor clinicians to these information sources rather than the presence of the women for whom they are caring. An advisor noted that technology can "create an information anchoring effect where clinicians treat screen instead of patients," and a Northeastern academic medical center concurred that "people sit in front of the white board like it's a drive-in theater" with the centralized information anchoring them to their workstation instead of labor rooms.
The availability of different resources for care can also establish expectations about the types of care provided. One advisor with experience in broader hospital management noted that "in other places the presence of other subspecialties can impact how much they are used." In hospital-based labor and delivery units, this principle of supply-induced demand could apply to the accessibility of ORs. Units with a higher number of ORs relative to their number of labor and delivery rooms may have higher cesarean birth rates if the relatively higher supply of ORs and relatively lower supply of labor and delivery rooms primes clinicians to perform more cesarean births, aligning their practice patterns with their available resources.
Sharing Knowledge and Workload
The third hypothesis that emerged throughout the expert consultation process was that the design of childbirth facilities can enable or hinder knowledge sharing and distribution of workload between clinicians. Advisors highlighted the importance of thinking "about how spaces bring people together, which is critical for outcomes." Maternity care has become an increasingly team-based discipline in which working collaboratively within and across disciplines supports high quality care, learning and training between clinicians, and the distribution of workload among clinicians. As an obstetrician in a large, Midwestern academic medical center reported,
[S]ome kind of collaborative space where the nurses and the doctors can still be together is really important . . . In this building we [separate] the nurse's lounge and the doctor's lounge. So we find ourselves-or I do, often-sitting and having my dinner in the nurse's lounge . . . that team aspect of things is very important in the care of patients.
Sharing knowledge and workload for team-based care can be supported through the presence of collaborative spaces or through the layouts of and distances between different key areas in the unit, such as labor rooms, workstations, and call rooms. However, facility designers and managers can face difficult tradeoffs between creating centralized collaborative spaces for sharing knowledge and workload and locating clinicians closer to labor rooms. Some managers prioritized the ability of clinicians to collaborate, such as one nurse manager from a large, Western community hospital who commented, "If you think about patient-centered care, you think about the safety of the patient and that takes a team. Yes, the nurse is very available. Can they be there in 10 seconds versus 30? Sure. But it's not just about distance." Other managers prioritized keeping women closer to clinicians, such as the director of a small, Southern community hospital who reported, "We find ourselves using the old patient rooms because of their proximity to the nursing station, even though they're dingier. You're in and out so much that you need to be close."
DISCUSSION
The design of childbirth facilities can help or hinder clinicians' ability to provide high quality care in at least 3 key ways: 1) the flexibility and adaptability of spaces; 2) the physical and cognitive anchors created by spaces; and 3) the enabling of sharing knowledge and workload between clinicians. These themes identified by our interdisciplinary advisory board align well with the prior evidence-based design literature on the effect of design on facility functionality and clinician communication and collaboration. In other types of inpatient units, nursing leaders have identified the ability to flexibly adapt spaces to changing needs as the most impactful type of space adjustment for unit operations, corresponding with our theme of flexibility and adaptability. 23 A quasi-experimental, prepost study of recently renovated inpatient units showed that changing the physical layout of workstations throughout the units affected nurses' distribution of time across tasks, aligning with our theme of physical and cognitive anchoring, and impacted their collaboration, aligning with our theme of sharing knowledge and workload. As reported by the managers and clinicians we interviewed, Pati et al found a tradeoff between the benefits of decentralized unit designs for facilitating workflows for some specific tasks and the drawbacks associated with unintentionally reducing spaces for formal and informal team collaboration. 26 In childbirth specifically, the unit design has been identified as a factor that affects communication and team decision making, corresponding with our theme of sharing knowledge and workload. Focus groups with nurses, obstetricians, residents, and other clinical and support staff working with labor and delivery suggested that communication can be affected by the locations of key patient care information (eg, in bedside documentation, on shared boards, or in the electronic records) and the technology available in the unit for communication among team members. 27 Another observational study in 4 maternity units in England suggested that having a centralized location in the unit that captured and presented all key information about all women's statuses and care plans was a key factor in facilitating situational awareness for clinical teams. 28 Both studies discuss the value of implementing interdisciplinary team training or board rounds, which would require some type of collaborative space on the unit where clinicians from all disciplines can come together to share information about care.
Although some of these effects are manifestations of intentional design choices, such as creating designated overflow beds for flexibility, other effects can be unintentional consequences of design, such as decentralized nursing stations moving clinicians closer to women but further from each other, therefore inhibiting their ability to share knowledge and workload. Given this potential for unintended consequences of design, facility managers should intentionally consider the current designs of their spaces and how these designs may support or impede their targeted practice patterns and culture. The primary study that generated the data for this analysis revealed substantial variation in childbirth facility design across the United States in ways that appear independent of care provision needs, so there is a clear opportunity for clinicians, managers, and designers to be more intentional about designing childbirth facilities that support the care they aim to provide. 25 Managers should also consider how their processes and culture may affect the ability of design to be an effective tool to improve care processes and outcomes. Prior research has suggested that the effect of design on practice culture and care may be bidirectional with the systems and culture operating within a space affecting the usefulness of its design features. 24 This study is limited as an exploratory secondary analysis of data from another study that was primarily designed to develop a scalable methodology for measuring design metrics.
As a result, the themes we ascertained may not be comprehensive or fully generalizable. Future work should evaluate the relationship between design and provision of care at a wider scale, which may uncover more mechanisms through which design may help or hinder care. Furthermore, given the absence of granular data regarding the population served, clinicians, and processes of care at each facility, we are unable to infer causality in the relationship between design and care processes. Additional, more granular data on facility characteristics, population served, and care processes could support better inference of causality between design and clinical care processes.
Nonetheless, clinicians, facility managers, and designers should look for opportunities to improve the alignment between the design of childbirth facilities and their goals for care. Changes can be made through larger scale facility constructions or renovation as well as smaller-scale, more frequent adaptations to functional areas that generally occur on a 2-to 3-year cycle to adjust to changing care needs. Interdisciplinary collaborations between clinicians, managers, and designers will be necessary to ensure that designs better align with the intended care model and cultures of childbirth facilities.
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